The recent observation of Σ ± b (uub and ddb) and Ξ − b (dsb) baryons at the Tevatron within 2 MeV of our theoretical predictions provides a strong motivation for applying the same theoretical approach, based on modeling the color hyperfine interaction, to predict the masses of other bottom baryons which might be observed in the foreseeable future. For S-wave qqb states we predict M(Ω b ) = 6052.1 ± 5. 
Introduction
There has been noteworthy experimental progress recently in the identification of baryons containing a single b quark. The CDF Collaboration has seen the states Σ ± b
and Σ * ± b [1] , while both D0 [2] and CDF [3] have observed the Ξ − b . The constituent quark model has been remarkably successful in predicting the masses of these states [4] - [9] . Most recently the careful accounting for wave function effects in the hyperfine interaction [10] has permitted the prediction of the Ξ − b mass within a few MeV of observation.
All predictions need an input for the mass difference m b − m c between the b and c quarks. That the value of m b − m c obtained from hadrons containing b and c quarks depends upon the flavors of the spectator quarks was noted in Ref. [6] where Table  I shows that the value is the same for mesons and baryons not containing strange quarks but different when obtained from B s and D s mesons. Some reasons for this difference were noted and the issue still requires further investigation.
The new CDF mass measurement [3] of the baryon Ξ Since these values are about 10 MeV lower than the value obtained [6] from nonstrange hadrons, our predictions are lower than other predictions [5, 7] which use nonstrange hadron masses as inputs.
In this model the mass of a hadron is given by the sum of the constituent quark masses plus the color-hyperfine (HF) interactions:
where the m i is the mass of the i-th constituent quark, σ i its spin, r ij the distance between the quarks and v is the interaction strength. We shall neglect the mass differences between u and d constituent quarks, writing u to stand for either u or d. All the hadron masses (except the ones given in Sec. 3) are for isospin-averaged baryons. Two interesting observations, based on a study of the hadronic spectrum, lead to improved predictions for the b baryons. The first is that the effective mass of the constituent quark depends on the spectator quarks [6, 10] , and the second is an effective supersymmetry [9] -a resemblance between mesons and baryons where the anti-quark is replaced by a diquark [11] .
In this paper we extend the same methodology to obtain predictions for the masses of additional baryonic states containing the b quark that will be experimentally accessible in the foreseeable future.
2 Ω b mass prediction Table I : Hadron masses used in the calculation of the Ω b mass prediction
5792.9 ± 3.0
Taking the approach implemented in [10] for the prediction of the Ξ b mass, the spin averaged mass of Ω b can be obtained by extrapolation from available data for Ω c and a correction based on strange meson masses, as listed in Table I :
where M( X) denotes the spin-averaged mass that cancels out the hyperfine interaction between the heavy quark and the diquark containing lighter quarks.
The HF splitting can be estimated as follows:
where we have used the experimental mass difference 
Taking into account the wavefunction correction as described in [12] , one must add the following correction to the spin averaged mass:
where the contact probability ratio was computed using variational methods
and we used the following calculation to evaluate the strength of the ss HF interaction:
An alternate derivation of the Ω b mass from the Ξ b − Ξ c mass difference 
where the value of the wave function correction is taken from [10] and the last term denotes the EM interactions of the relevant quarks.
Similarly, the spin-averaged Ω b − Ω c mass difference can be written as 
which leads to
to be compared with M( Ω b ) = 6070.9 ± 2.7 MeV from Eqs. (2) and (5).
The consistency of these two estimates, based on different experimental inputs, is a strong indication that both the central values and the error estimates are reliable. Moreover, the estimate in Eq. (11) includes EM corrections, while the estimate Eqs. (2) does not, thus indicating that the EM corrections are likely to be smaller than our error estimate. Consequently, in the following we use the estimate (11) .
Wave function correction to the hyperfine splitting
We must also compute the correction to the HF splitting
MeV (12) where we used
leading to the following predictions:
An alternative derivation of HF splitting from effective supersymmetry
An alternative approach to estimate the HF splitting is to use the effective mesonbaryon supersymmetry discussed in [9] and apply it to the case of hadrons related by changing a strange antiquarks to a doubly strange ss diquark coupled to spin S = 1:
This gives Ω * b = 6076.8 ± 2.4 MeV; Ω b = 6053.0 ± 2.5 MeV .
The main difference between these predictions and the ones given in the past [5, 7] is the use of masses of hadrons containing strange quarks [10] , rather than Λ b and Λ c masses, to obtain the quark mass difference m b − m c . We also take into account wave function corrections which influence the hyperfine splitting between Ω * b and Ω b . The net result is that we predict substantially lower masses for Ω b than both Ref. [5] : M(Ω b ) = 6068.7 ± 11.1 MeV, and Ref. . The source for the isospin splitting (∆I) is the difference in the mass and charge of the u and d quarks. These differences affect the hadron mass in four ways [15] : they change the constituent quark masses (∆M = m d −m u ), the Coulomb interaction (V EM ), and the spin-dependent interactions -both magnetic and chromo-magnetic (V spin ). One can obtain a prediction for the Ξ b isospin splitting by extrapolation from the Ξ data, which has similar structure as far as EM interactions are concerned (note that for Ξ b there are no spin-dependent interactions between the heavy quark and the su diquark which is coupled to spin zero): Another option is to use Ξ c , which has the same spin-dependent interactions, as a starting point:
We summarize the isospin splittings which have been used in these calculations in Table II In the heavy quark limit, the (1/2 − ) and (3/2 − ) Λ * and Ξ * excitations listed in Table III can be interpreted as a P-wave isospin-0 spinless diquark coupled to the heavy quark. Under this assumption, the difference between the spin averaged mass of the Λ * baryons and the ground state Λ is only the orbital excitation energy of the diquark. The orbital excitation energies in Eq. (23) may be extrapolated to the case of excited Λ b baryons in the following manner. Energy spacings in a power-law potential V (r) ∼ r ν behave with reduced mass µ as ∆E ∼ µ p , where p = −ν/(2 + ν) [17] . For light quarks in the confinement regime, one expects ν = 1 and p = −1/3, while for the cc and bb quarkonium states, with nearly equal level spacings, an effective power is ν ≃ 0 and p ≃ 0. One should thus expect orbital excitations to scale with some power −1/3 ≤ p ≤ 0. One can narrow this range by comparing the Λ and Λ c excitation energies and estimating p with the help of reduced masses µ for the Λ and Λ c .
Now we use the ratio ∆E L (Λ c )/∆E L (Λ) = 0.903 ± 0.004 to extract an effective power p = −0.23 ± 0.01 which will be used to extrapolate to the Λ b system:
where the last form of the expression shows the explicit dependence of the result on m s . Using the value M(Λ b ) = (5619.7 ± 1.2 ± 1.2) MeV observed by the CDF Collaboration [19] , and rescaling the fine-structure splittings of Eq. (24) by 1/m Q with m b /m c = 2.95 ± 0.06, we find
The observed values of the Σ b masses [1] , MeV to predict the isospinaveraged value M(Ξ b ) = 5790 ± 3 MeV. We then rescale the fine-structure splitting (24) and find
The lower state decays to Ξ b π via an S-wave, while the higher state decays to Ξ b π via a D-wave, and hence should be narrower. Decays to Ξ 
Conclusions
We have predicted the masses of several baryons containing b quarks, using descriptions of the color hyperfine interaction which have proved successful for earlier pre- Our predictions are summarized in Table IV . We look forward to further experimental progress in the tests of these predictions. 
Appendix: Values of quark masses
In choosing values for the quark masses used in this paper, we note that values of quark mass differences can be taken from the difference in masses of baryons containing spin-zero ud diquarks where m s = 538 MeV has been taken from the fit of Ref. [18] to light-quark baryon spectra.
We have noted [6] that an uncertainty of 10 MeV arises from the difference between the values of m b − m c obtained from hadrons having strange and nonstrange spectators. We have chosen the value obtained from strange spectators following its use in previous successful predictions [10] .
Although this difference is crucial in predictions like Eq. (2) which depend on mass differences, its effect on mass ratios is negligible. We therefore use the values obtained from baryons with nonstrange spectators to obtain a value for the mass ratio m b /m c . 
